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(S) Variable stage entry/exit instruction pipeline. 

(57) An instruction pipeline includes a sequence 
of interconnected pipeline stages (80, 82, 84, 
86), each stage dedicated to one of several 
operations executed on data in a digital proces- 
sing device. Control words govern execution of 
the operations as they progress through the 
pipeline. The pipeline stages, as well as the 
pipeline entry and exit (88), are interconnected 
in a manner that permits each control word to 
enter and exit the pipeline at any one of the 
stages, and to skip any stages in which the 
control word will not govern any operations on 
data. On occasion, this permits a control word 
to bypass another control word which originally 
preceded it in the pipeline, thus to reverse the 
order of the two control words. A mapping field 
in each control word predetermines its route 
through the instruction pipeline, one bit of the 
map field corresponding to each pipeline stage. 
The route of each control word further is con- 
trolled by arbitration logic to resolve conten- 
tions among control words for particular 
pipeline stages, and to insure against a reversal 
in control word order when such reversal might 
produce an error. Each pipeline stage is a data 
register configured to accommodate one con- 
trol word at a time. Succeeding stage registers 
are selectively reduced in length to eliminate 
selected segments and bit positions, thereby 
deleting from each control word certain bits 
and multiple bit fields executed in preceding 
stages. 
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The present invention relates to pipelined hard- 
ware for sequentially handling instructions that gov- 
ern data operations in digital processors, and more 
particularly to a means for selectiv ly and individually 
routing instructions through the pipelined hardware. 5 

One known manner of improving data processing 
speeds in devices for processing digital data, is to 
configure each computer program instruction as a 
series of microinstructions presented to a pipeline, 
and then to perform operations on the microinstruc- 10 
tions (or on other data according to the microinstruc- 
tions) as they progress sequentially through a se- 
quence of pipeline stages in the pipeline. This facili- 
tates concurrent execution of different instructions, 
one instruction residing in each pipeline stage. An ex- 15 
ample of a pipelined processor is disclosed in U.S. 
Patent No. 4,450,525 (Demuth et al). 

While the configuration of microinstructions can 
vary from one system to another, each microinstruc- 
tion typically includes a set of multiple bit fields con- 20 
taining control information used by system hardware, 
including pipelined hardware. Each of the control 
fields is specifically related to one of the pipeline sta- 
ges, in that the control field is valid only when the mi- 
croinstruction resides in the related stage. Particular 25 
microinstructions can include one or more control 
fields relating to one, or all, of the pipeline stages. 

The pipeline stages are connected in sequence 
between a pipeline entry and a pipeline exit. Accord- 
ingly, each of the microinstructions progresses se- 30 
quentially through every pipeline stage, regardless of 
the number of pipeline stages to which it relates. Con- 
sequently, a substantial number of machine cycles 
are consumed in which microinstructions reside in un- 
related pipeline stages, with no operations per- 35 
formed, either on the microinstructions themselves 
or other data within the processing device. 

Therefore, it is an object of the present invention 
to provide a multiple stage instruction pipeline config- 
ured for more effective use of available machine cy- 40 
cles, reducing the number of cycles in which microin- 
structions reside in unrelated pipeline stages. 

Another object is to provide a process for selec- 
tively routing microinstructions or control words 
through a multiple stage instruction pipeline, whereby 45 
each microinstruction or control word temporarily re- 
sides only in selected stages of the pipeline. 

Afurther object is to provide each of a plurality of 
microinstructions with a mapping field that identifies 
the data operations, and therefore the stages, to so 
which the microinstruction relates. 

Yet another object of the invention is to provide a 
means for arbitration among control words or micro- 
instructions competing for access to a particular pipe- 
line stage as they progress through an instruction pi- 55 
peline. 

To achieve these and other objects, there is pro- 
vided an apparatus for governing t he execution of op- 



erations on data in a digital processing device. The 
apparatus includ s a pipeline having a plurality of pi- 
peline stages. Each pipeline stage is dedicat d to one 
of a plurality of data operations executed on data in 
the processing device. A pipeline input receives digi- 
tal control words into the pipeline. The digital control 
words govern the execution of the data operations as 
they progress through the pipeline. Each of the con- 
trol words includes control information corresponding 
to at least a selected one of the data operations, and 
mapping information that identifies each of the se- 
lected data operations. Each control word further gov- 
erns execution of each selected data operation when 
residing in the pipeline stage dedicated to that data 
operation. The apparatus further includes a pipeline 
exit, and means connecting the pipeline input and exit 
to each of the pipeline stages, whereby control words 
can enter and leave the pipeline at any one of the pi- 
peline stages. A control word routing means selective- 
ly and individually routes each of the control words 
through the pipeline depending upon the mapping in- 
formation of the control word. 

Preferably the pipeline stages are connected se- 
quentially, with each control word bypassing stages 
other than the selected pipeline stages. Stages are 
selected based upon the mapping information, in the 
sense that the control word is routed through a pipe- 
line stage only if the word includes control information 
corresponding to the data operation of that particular 
stage. Each control word can have a mapping field 
with a plurality of bit positions, one bit position corre- 
sponding to each pipeline stage. A binary "1" in a giv- 
en bit position indicates that the control word includes 
control information relating to that pipeline stage. Ac- 
cordingly, the mapping field identifies all pipeline sta- 
ges relating to the control word, and provides a road 
map for routing the control word only through the re- 
lated stages. 

The result is more effective use of available ma- 
chine cycles in the pipeline. Instructions can enter the 
pipeline at the first stage in which the instruction is to 
execute a data operation, rather than at the initial pi- 
peline stage. Similarly, an instruction can exit the pi- 
peline at the final pipeline stage of its execution, rath- 
er than at the final stage of the pipeline. An instruction 
(i.e. a control word) can bypass pipeline stages during 
its execution. This allows a particular instruction to 
"leap frog* another instruction initially ahead of it in 
the pipeline, so long as the intermediate pipeline sta- 
ges are not used by the particular instruction. A sub- 
stantial improvement in performance is realized, be- 
cause more instructions can be executed during the 
same number of avail abl machin cycles. 

Th abilityofcontrolwordstobypasspip linesta- 
ges gives rise to potential conflicts among two or 
more control words attempting to ent r one of the pi- 
peline stages. Accordingly, arbitration logic is provid- 
ed to resolve such contentions. A pip line configured 
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in accordance with th present invention thus calls for 
logic circuitry not needed in conventional, sequential- 
ly coupled pipeline stages. However, the additional 
logic can be configured on the processor chip, and is 5 
more than justified by the performance gain. 

A further aspect of the present invention is a 
process for routing control words or microinstructions 
through a multiple stage instruction pipeline. The 
process includes the following steps: 10 

a. identifying, in connection with each control 
word, the pipeline stages related to the control 
word in the sense that the control word is to be 
executed from related stages; and 

b. responsive to the identification of the related 15 
pipeline stages, selectively routing the control 
word through the pipeline along a path that in- 
cludes only the related pipeline stages. 

The process can include the further step of mod- 
ifying each control word as it progresses through the 20 
pipeline, by deleting control information relating to 
each pipeline stage before the control word enters the 
next subsequent pipeline stage. In the preferred im- 
plementation of this process, each of the pipeline sta- 
ges is a register having latch positions corresponding 25 
to a plurality of multiple bit control fields, each control 
field corresponding to one of the pipeline stages. In 
this context, the subsequent stage register is config- 
ured without the latch positions corresponding to the 
control fields of previous stages. As a result, informa- 30 
tion no longer useful is effectively deleted as the con- 
trol word progresses through the pipeline. Thus, logic 
(hardware) and physical space requirements are re- 
duced as compared to conventional pipeline stage ar- 
rangements, as succeeding registers require fewer 35 
latch positions. 

Thus in accordance with the present invention, 
the efficiency of a multiple stage instruction pipeline 
is substantially enhanced, with microinstructions be- 
ing selectively routed only to pipeline stages in which 40 
they govern operations performed on processor 
data. 

For a further appreciation of the above and other 
features and advantages, reference is made to the 
following detailed description and to the drawings, in 45 
which: 

Figure 1 is a schematic view of an information 
processing system including a digital processing 
device, a main storage memory and an interface 
between the device and memory; 50 
Figure 2 is a block diagram of certain components 
of the processing device including an instruction 
pipeline; 

Figure 3 is a schematic view illustrating flow of 
data in the instruction pipeline; 55 
Figure 4 is a schematic view of the instruction pi- 
peline including arbitration means; 
Figure 5 is a flow chart illustrating operation of 
the arbitration logic; 



Figur 6 illustrates the format of a digital micro- 
instruction used in the pipeline; 
Figur s 7-10 illustrate s gments of the microin- 
struction in great r detail; 
Figure 11 is a schematic view of pipeline stage 
registers; and 

Figure 1 2 is a schematic view of an alternative in- 
struction pipeline, with an array in lieu of a decod- 
er at the pipeline input. 

Turning now to the drawings, there is shown in 
Figure 1 an information processing network 16 for 
storing and performing various operations upon bit- 
encoded data. The network includes a processing de- 
vice 18, a main storage memory 20 and an interface 
22 coupling the processing device and main memory. 
A data line 24 connects processing device 18 to the 
interface, while data line 26 connects the interface to 
main storage memory 20. 

Processing device 18 executes assembly level 
computer program instructions sequentially in per- 
forming logical operations oh data, for example store, 
add, and move-character functions. To this end, the 
processing device employs a horizontal microcode 
(HMC) for interpreting the assembly level instruc- 
tions, i.e. decomposing the assembly level instruc- 
tions into simpler HMC microinstructions or control 
words that govern the state of the hardware. 

Processing device 18 includes a control store 28 
containing the horizontal microcode (HMC) and a 
control store output register 30. The processing de- 
vice further includes arithmetic execution logic 32 for 
performing operations on data, and an I/O memory 
interface 34 for transmitting data to and from main 
storage memory 20. 

Figure 2 illustrates hardware components of the 
arithmetic execution logic, and paths for flow of data 
among the components. Data from the main memory 
can be provided to a variety of destinations via inter- 
face 34 as indicated at 36, including first and second 
multiplexers 38 and 40 associated with an arithmetic 
execution unit 42 through respective registers 44 and 
46; a program counter 48; an instruction assembly 
buffer 50; and a general register multiplexer 52 pro- 
viding its output to a set of general purpose registers 
54. The interface 34 also can provide data to a status 
register 56 and a condition code register 58. 

A decoder 60 receives the output of assembly 
buffer 50, decomposing the output into control words 
or microinstructions in horizontal microcode. The con- 
trol words are provided to an instruction pipeline 62, 
where they progress sequentially through one or 
more pipeline stages of the pipeline and govern op- 
erations executed upon data in processing device 1 8. 

The output of instruction pipeline 62 can be pro- 
vided to multiplexer 38, multiplexer 40, a first address 
multipl xer 64 and an effectiv address calculating 
unit 66. Address unit 66 can provide its output t a 
multipl xer 67 and then to a register 68 that provides 
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its output to a memory data multiplexer 70, to I/O in- 
terface 34. to program counter 48, and to multiplexer 
52. 

The output of execution unit 42 can be provided: s 
to memory data multiplexer 70 from a register 72; to 
general register multiplexer 52; and to status register 
56 and condition code register 58. The output of the 
general purpose register set 54 is available to multi- 
plexers 38 and 40, address multiplexer 64 and a fur- 10 
ther address multiplexer 74, and a multiplexer 76 that 
provides its output to a decrementing/incrementing 
unit 78. Unit 78 can provide its output to address mul- 
tiplexer 74 and general register multiplexer 52. Thus, 
multiple paths are available for transmission of data 15 
among the components in Figure 2 . Actual data 
transmission does not occur indiscriminately along all 
available paths, but rather is controlled by the micro- 
instructions as is later explained. 

In Figure 3, instruction pipeline 62 is illustrated in 20 
greater detail to show the flow of control words 
through the pipeline. Pipeline 62 includes four stages 
including an address generation stage 80, an operand 
loading stage 82, an execution stage 84 and a result 
storing stage 86. Decoder 60 provides the entry for all 25 
control words into the pipeline. All data leaving the pi- 
peline proceeds to one or more of the above- 
mentioned possible destinations for the instruction pi- 
peline output. A pipeline exit is shown in broken lines 
at 88. This does not represent an actual hardware 30 
component Rather, exit 88 signifies the point at 
which the instructions or control words, having 
served their purpose in performing operations along 
one or more of the pipeline stages, are no longer 
needed and leave the pipeline. All control words pro- 35 
ceed through pipeline 62 in the same direction (down- 
ward as viewed in the figure), but not sequentially in 
the sense of all microinstructions occupying each 
stage. Rather, the data pathways interconnecting the 
stages, indicated generally at 90, provide fifteen dis- 40 
tinct routes through pipeline 62, based on the avail- 
able combinations of one, two, three or all stages. 

One feature of the present invention is the inter- 
connection of the pipeline stages, pipeline entry and 
pipeline exit to provide a variety of routes through the 45 
instruction pipeline. In general, for a pipeline com- 
posed of n separate stages, the interconnection af- 
fords a potential number of routes through the in- 
struction pipeline of 2"-1. Control words can enter in- 
struction pipeline 62 at anyone of the stages, can exit so 
the pipeline at any stage, and can bypass one or more 
of the stages as they progress through the instruction 
pipeline. Information in each control word predeter- 
mines the route traversed by the control word through 
the instruction pipeline, as explain d in connection 55 
with Figure 6. 

While pathway interconnection 90 affords multi- 
ple alternative control word routes, it also cr ates the 
need for arbitration among control words contending 



for access to particular stages. The need is most ap- 
parent in connection with result storing stage 86, con- 
figured to receiv control words from decoder 60 and 
from any one of preceding pipeline stages 80, 82 and 
84. Accordingly, an arbitration scheme is provided as 
shown in Figure 4, which also illustrates the pipeline 
stages and interconnection 90 in greater detail. 

Each of the pipeline stages includes a pipeline 
register, in particular an address generation register 
92, an operand loading register 94, an execution reg- 
ister 96 and a result storing register 98. Each register 
has individual bit positions and multiple bit segments 
corresponding to individual binary bits or fields of the 
control words, whereby each control word temporarily 
and exclusively occupies one or more of the stage 
registers when progressing through the instruction pi- 
peline. Address generation register 92 includes a map 
segment 100, a condition-codes affected bit 102, a 
valid indication bit position 104, an instruction de- 
pendent field segment 106, and four control seg- 
ments 108, 110, 112 and 114. Each of the control seg- 
ments, like each of the pipeline stages, is dedicated 
to a specific type of operation performed on data as 
the control words progress through the instruction pi- 
peline. For example, control segment 108 stores only 
the field of a control word that specifically relates to 
address generation. More than one such field may re- 
side in control segment 108 if the particular control 
word contains more than one address generation 
field. The remaining control segments of register 92 
are similarly limited to one type of field while adapted 
to accommodate more than one field of that type. Re- 
maining pipeline stage registers 94, 96 and 98 have 
similar segments and bit positions, but vary as will be 
explained in connection with Figure 11. 

The interconnection of the pipeline stage regis- 
ters includes pipeline multiplexers 116, 118 and 120, 
one of the multiplexers being situated between each 
pair of adjacent stage registers. Each multiplexer has 
an input from decoder 60 and from each preceding pi- 
peline stage register, and provides its output to the 
succeeding stage registers and directly out of instruc- 
tion pipeline 62, again as represented schematically 
by "exit" 88. Each multiplexer is selectively switched 
to provide only one of its inputs to the next subse- 
quent stage. For example, multiplexer 118 selectively 
couples either decoder 60, register 92, or register 94, 
to register 96. 

Multiplexer switching is controlled by collision de- 
tection and arbitration circuit 122 in cooperation with 
information in each control word. Arbitration circuit 
122 receives inputs from decoder 60 and each of the 
pipelin stag r gisters. In turn, arbitration circuit 122 
generates latch data outputs to t he pipeline stag reg- 
isters. In connection with stag registers 94, 96 and 
98, arbitration circuit 1 22 also provides control signals 
to the associated multiplexers 116, 118 and 120 that 
I ad the pipeline stage registers. 
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Through its connections to the stage r gisters, 
multiplex rsandd coder 60, arbitration circuit 122 re- 
solves cont ntions for pipeline stage r gisters ac- 
cording to the flow chart in Figure 5. 5 

If instruction pipeline 62 is empty, the control 
word is immediately provided to the selected pipeline 
stage register. If not, a determination is made as to 
the dependency of the control word upon any preced- 
ing control word in the pipeline. In other words, there w 
is an inquiry as to whether the incoming control word 
will be dependent upon the results from any currently 
executing control words. The inquiry is accomplished 
by checking each of stage registers 92, 94, 96 and 98 
as to whether the register will be altered by the control 15 
word currently residing in the register. For example, 
suppose a control word entering the pipeline at ad- 
dress stage 80 (register 92) is destined to use a par- 
ticular data register from among general purpose reg- 
isters 54 to calculate an address. Further, suppose 20 
that a preceding instruction at execution stage 84 
(register 96) involves storing data to that same par- 
ticular data register. In this event, the entering control 
word is not loaded into register 92 until the operation 
in register 96 is complete. 25 

Upon such completion, or if no dependency is 
found, the selected register is scanned to determine 
that it will be available on the next machine cycle, in 
the sense that no other control word already in the pi- 
peline is scheduled to enter the selected stage regis- 30 
ter during the next cycle. 

Given the indication that the stage is available, it 
becomes necessary to determine whether the control 
word, upon entering the destination stage, would by- 
pass or "leap frog" ahead of any preceding control 35 
words already executing in the pipeline. If not, the 
control word is immediately loaded into the appropri- 
ate stage register. 

However, if the control word would bypass any 
preceding control words when entering the appropri- 40 
ate stage, a further determination is necessary; 
namely, whether the control word, upon bypassing 
any preceding control word, would alter conditions 
used or to be used by any such preceding control 
word. 45 

As an example, suppose that a control word is to 
enter the pipeline at stage 86 (register 98) to store 
data, e.g. from register 72. Further, suppose that a 
preceding control word, i.e. one previously entering 
the pipeline, currently resides in operand stage 82 so 
and will reside in execution stage 84 to perform an op- 
eration on data that will alter the contents of register 
72. In this event, the later entering control word is not 
loaded into result storing stage 86 until the preceding 
control word has completed its operation in x cution 55 
stage 84. Once the preceding control word has com- 
pleted its operation, the later entering control word is 
loaded into the result storing stag . 

Further logic resolves contentions to avoid colli- 



sions, .g. among control words competing for access 
to pipeline stag register 98 fr m th decoder and 
from the preceding pipeline stag registers. Mor par- 
ticularly, a control word from stag register 96 is fav- 
ored with respect to the other inputs to multiplexer 
120, followed by the output of stage register 94, the 
output of stage register 92 and the output of decoder 
60. 

A control word 124 is shown in Figure 6, and in- 
cludes binary bits and fields of bits corresponding to 
the bit positions and segments in the pipeline stage 
registers. A map field 126 of the control word includes 
four bit positions labeled A, O, X and S, respectively. 
A condition code bit 128 is provided between map 
field 126 and a plurality of control fields. For conve- 
nience, a single control field is shown in connection 
with each of the pipeline stage registers, including an 
address generation control field 130, an operand 
loading control field 132, an execution control field 
134 and a result storing control field 136. Program 
counter, immediate address and immediate data 
fields are shown at 135, 137 and 139, respectively. Fi- 
nally, the control word includes a stage valid bit 138. 

Map field 126 is related to the control fields, in 
that it indicates which types of control fields are pres- 
ent in the control word. For example, a binary "1" at 
bit position "A" in the map field indicates that control 
word 124 includes at least one address generation 
control field. Accordingly, control word 1 24 is destined 
to govern an address calculating operation on data as 
it progresses through the instruction pipeline. As an- 
other example, a binary "O" in the "X" bit position of 
map field 126 indicates that control word 124 has no 
execution control fields. Control word 124 is destined 
to proceed through the instruction pipeline without 
governing any execution functions on data. Thus, 
control word 124 does not enter execution stage 84. 

The map field of each control word routes the 
control word, by predetermining the pipeline stages 
that the control word will occupy as it progresses 
through pipeline 62. A value of "11 11 "routes the con- 
trol word sequentially through all four pipeline stages, 
while a value of "1001" routes the control word only 
through address generation stage 80 and result stor- 
ing stage 86. 

While certain functions performed on data re- 
quire all four types of operations, numerous functions 
do not. In connection with these latter functions, the 
selective routing of the control word only through sta- 
ges that "use" the control word substantially enhanc- 
es instruction pipeline efficiency. Instructions can be 
channeled through the instruction pipeline with fewer 
machine cycles, and the machine cycles saved be- 
come available to accept further control words. The 
s lectiv routing involves a hardware response to the 
map field bits, and thus adds virtually nothing to 
measurab! processing time. 

Figures 7-10 illustrat portions f control word 
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124 in greater detail, and facilitate an und rstanding 
ofhowth se portions relate to th hardwar illustrat- 
ed in Figure 2. Addr ssg n rating control field 130 in- 
cludes two multiplexer subfields 140 and 142 respec- s 
tively concerning address multiplexers 64 and 74. 
More particularly, the content of subfield 140 deter- 
mines the source of data from among the potential 
sources shown in Figure 2, and provides for a further 
alternative of forcing binary zeros into multiplexer 64. 10 
Five bit positions in subfield 140 provide up to thirty- 
two alternative sources of data provided to this mul- 
tiplexer. For example, "00000" forces all zeros into the 
multiplexer, while "11000" selects one of the registers 
in general register set 54, whereby the address value 15 
from the selected register is provided to multiplexer 
64. In a similar manner, the value in subfield 142 de- 
termines the source of data provided to multiplexer 
74. 

The subfields T and "D" respectively determine 20 
the length (number of bits) of the data word provided 
to multiplexer 74, and whether or not the contents of 
immediate address field 137 of the control word are 
to be added to the multiplexer inputs. 

Finally, the value contained in a memory destin- 25 
ation subfield 144 controls multiplexer 67. Typically 
the output of effective address unit 66 is a calculated 
memory address, to designate the destination of data 
to memory from stage 86. This output also determi- 
nes the memory address from which data is provided 30 
to line 36 via interface 34. Further, however, the out- 
put of effective address calculating unit 66 can be pro- 
vided to other destinations, e.g. to load program coun- 
ter 48, to one of general purpose registers 54 through 
multiplexer 52, or to the multiplexer 67 for storing data 35 
identified by the address to memory via memory in- 
terface 34. 

The operand loading field (Figure 8) includes a 
subfield 146 that determines the source of data pro- 
vided to multiplexer 38, a subfield 148 that determi- 40 
nes the source of data for multiplexer 40, and a sub- 
field 150 for determining the destination of data from 
main memory 20 to path 36 via I/O memory interface 
34. As for destinations, the destination of data from 
multiplexer 38 is register 44, and data from multiplex- 45 
er 40 always is provided to register 46. Based on the 
value in subfield 150, data from memory can be pro- 
vided (alternatively) to status register 56, condition 
code register 58, or to one of the general purpose reg- 
isters 54 via multiplexer 52. 50 

Execution unit 42 receives input operands from 
registers 44 and 46. Accordingly, no source determin- 
ing subfield is necessary for the execution control 
field. A function subfi Id 152 determin s the one of 
several available functions which execution unit 42 is 55 
to perform on the operands provided by registers 44 
and 46, and includes five binary bits for selecting a 
function, .g. adding th operands, subtracting one 
from the other, performing logic functions such as 



"AND", "OR", or "Exclusiv OR", and shifting register 
contents by predetermined amounts, as well as out- 
putting all z ros. A data type subfield 154 and length 
subfield 156 respectively determine whether data is 
logical, arithmetic or binary coded decimal, and 
whether the operation is on a single bit, a single word 
of two bytes or a double word of four bytes. The binary 
value in a destination field 158 determines where the 
execution unit output is sent. Among possible destin- 
ations are one of the general purpose registers, the 
status register, the condition code register and regis- 
ter 72, the holding latch to main storage memory 20. 

Storage control field 136 includes a source sub- 
field 160 that determines the source of stored data, 
e.g. either register 68, register 72 or a forced storage 
of all zeros. A length subfield 162 determines the 
length of stored data (single byte verses two-byte or 
four-byte word). 

Each of the control fields is valid in, and only in, 
its respective one of the pipeline stages. Address 
generation control field 130, for example, governs the 
calculation of an effective address while the control 
word resides in address generation register 92. Con- 
trol field 1 30, however, serves no useful purpose in 
any of the subsequent pipeline stage registers, al- 
though the control word may contain other types of 
control fields and temporarily reside in subsequent 
stage registers. 

Accordingly, each succeeding stage register is 
configured to provide no bit positions for stage- 
specific information used in preceding stages of the 
pipeline. As seen in Figure 11, the stage-specific in- 
formation includes not only the control fields, but also 
the map field, where each bit position is deleted after 
its related pipeline stage. Thus, selected bit positions 
and register segments are removed from succeeding 
stage registers, to delete from each control word cer- 
tain data no longer useful in governing data opera- 
tions as the control word progresses through the pi- 
peline. 

Figure 12 illustrates an alternative configuration 
instruction pipeline 166 in which assembly level in- 
structions address a control store array 1 68. The con- 
trol store array provides the pipeline input in lieu of 
decoder 60. The pipeline includes multiple stages, 
three of which are shown at 170, 172 and 174 which 
represents the "Nth" stage. Multiplexers 176 and 178 
interconnect the stages, with a pipeline "exit" 180 in- 
dicated in broken lines. As compared to using decoder 
60, use of an array such as 168 reduces processing 
speeds, but affords greater flexibility in terms of com- 
patibility with a wider range of computer architec- 
tures. 

Stage 170 includes a map segment 182 with bit 
positions 1-N, control fields 1-N and a stage valid bit 
position V. Subsequent stages exemplify the informa- 
tion deletion feature of the invention, in particular final 
stage 174 having a single bit map segment N and a 
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single control field lab led "FIELD N" along with the 
stage valid bit position. Each right ward pointing arrow 
represents an input to its associat dmultipl x rfrom 
array 168. The leftward pointing arrows represent in- 
puts to the multiplexer from preceding stages. Every 
combination of one or more pipeline stages is avail- 
able in connection with routing each control word 
through the pipeline. 

Thus, in accordance with the present invention a 
multiple stage instruction pipeline is configured for ef- 
ficient use of available machine cycles, in reducing 
the cycles required for certain microinstructions to re- 
side in the pipeline. Microinstructions are selectively 
routed through the pipeline, each microinstruction re- 
siding only in selected pipeline stages, based upon 
the data operation control fields in the microinstruc- 
tion. A mapping field in each microinstruction facili- 
tates identifying the data operations to be executed 
as each microinstruction progresses through the in- 
struction pipeline. Finally, arbitration logic is provided 
to avoid collisions among micro-instructions contend- 
ing for access to one of the pipeline stages, and fur- 
ther to insure that a control word can skip ahead of an- 
other control word formerly preceding it, but only un- 
der conditions of nondependency and where the re- 
versal of order can not cause error. 



Claims 

1 . An apparatus for governing the execution of op- 
erations upon data in a digital processing device, 
including: 

a pipeline including a plurality of interconnected 
stages, each stage being dedicated to one of a 
plurality of data operations executed on data in a 
digital processing device; 
a pipeline input for receiving a plurality of digital 
control words into the pipeline for governing the 
execution of the data operations as the digital 
control words progress through the pipeline; 
each of the digital control words including control 
information corresponding to at least one select- 
ed operation of the data operations and mapping 
information indicating each selected data opera- 
tion to which the control information corre- 
sponds; 

each of the digital control words further govern- 
ing the performance of the at least one selected 
data operation when the control word resides in 
a particular one of the pipeline stages dedicated 
to the selected data operation; 
means coupling the pipeline input and a pipeline 
exit to each one of the pipeline stages to enable 
each of the control words to occupy only selected 
ones of the pipeline stages as the control word 
progresses through the pipeline; and 
a control word routing means for s lectively and 



individually routing each said control word 
through the pipeline via only selected pipelin 
stages, the sel ctedpip lin stages for achsaid 
5 control word depending upon th mapping infor- 

mation of the control word. 

2. The apparatus of Claim 1 wherein: 

the selected pipeline stages for each data word 
10 are the stages dedicated to the data operations 
identified in the mapping information of the digital 
control word. 

3. The apparatus of Claim 2 wherein: 

15 all of the pipeline stages are connected to one an- 
other in a predetermined sequence, and each of 
the digital control words progresses through the 
pipeline according to said predetermined se- 
quence while bypassing pipeline stages other 

20 than said selected pipeline stages. 

4. The apparatus of Claim" 3 further including: 

a plurality of multiplexers coupled between suc- 
cessive ones of the pipeline stages, each of the 
25 multiplexers having inputs coupled to all preced- 

ing pipeline stages in the predetermined se- 
quence of pipeline stages. 

5. The apparatus of Claim 4 wherein: 

30 each of the multiplexers selectively inhibits con- 

trol fields valid in a preceding pipeline stage from 
occupying a next subsequent pipeline stage, 
thereby to selectively delete control fields of each 
control word as the control word progresses 

35 through the pipeline. 

6. The apparatus of Claim 1 wherein: 

the control information of each control word re- 
sides in at least one of a plurality of multibit fields, 
40 each of the multibit fields being valid in only one 

of the pipeline stages. 

7. The apparatus of Claim 1 wherein: 

the mapping information of each digital control 
45 word resides in a mapping field of the control 
word including one bit position corresponding to 
each of the pipeline stages. 

8. The apparatus of Claim 1 further including: 

so an arbitration means for resolving conflicts 

among control words attempting to enter the 
same one of the pipeline stages. 

9. The apparatus of Claim 1 wherein: 

55 ach of the pipeline stages is a r gister. 

10. The apparatus of Claim 1 wher in: 

ach control word further includ s a stage valid 
field for indicating with respect to each of th pi- 
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peline stages the presence of a valid control word 
in the pip line stage. 

11. The apparatus of Claim 1 wherein: 5 
the digital processing device includes a condition 
code register, and each of the control words fur- 
ther includes a condition code bit position for in- 
dicating whether the control word will alter the 
condition code register as the control word pro- 10 
gresses through the pipeline. 

12. In a data processing device including a pipeline 
having a plurality of pipeline stages; each pipe- 
line stage dedicated to one of a plurality of data 15 
operations executed on data in the processing 
device, wherein the data operations are gov- 
erned by a plurality of digital control words as the 
control words progress through the pipeline, a 
process for executing the data operations, includ- 20 
ing the steps of: 

making a determination, for each of the digital 
control words, of selected ones of the data oper- 
ations for which the control word includes control 
information; and 25 
responsive to the determination, selectively rout- 
ing the digital control word through the pipeline in 
an individual sequence of the pipeline stages, 
whereby the digital control word, as it progresses 
through the pipeline, occupies only the pipeline 30 
stages dedicated to the selected data operations. 

13. The process of Claim 12 wherein: 

the determination step includes providing a map 
field in each of the digital control words, each 35 
map field including mapping information that 
identifies each of the data operations for which 
the control word includes control information. 



device as the control word progresses through 
the pipeline. 

17. The process of Claim 12 including the further 
step of: 

making a determination, for each digital control 
word, as to whether the digital control word de- 
pends upon a result of a preceding control word 
currently executing in the pipeline and, if so, de- 
laying the routing of the digital control word until 
the preceding control word has completed said 
execution. 

18. The process of Claim 12 including the further 
steps of: 

determining, for each digital control word, wheth- 
er said selectively routing of the digital control 
word will cause the digital control word to bypass 
a currently executing control word already in the 
pipeline; 

if so, determining whether the digital control 
word, if it bypasses the currently executing con- 
trol word, would alter a condition of the currently 
executing control word; and 
if so, delaying said routing of the digital control 
word until the currently executing control word 
completes said execution, thereby either to delay 
or prevent said bypass. 



14. The process of Claim 12 including the further 40 
step of: 

resolving conflicts among digital control words 
concurrently attempting to enter any one of the 
pipeline stages. 

45 

15. The process of Claim 14 wherein: 

the step of resolving conflicts includes providing 
a valid bit identification in each digital control 
word that is set whenever a valid control word re- 
sides in one of the pipeline stages, and prevent- so 
ing any other digital control word from entering a 
given pipeline stage when a valid bit is set in the 
given pipeline stage. 

16. The process of Claim 13 including the further 55 
step of: 

providing a condition code bit in each control word 
indicating, if set, that the control word will change 
a condition code register of the data processing 
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